Text S1. Model performances
To elucidate if rather small models or the larger models show a better performance, we assembled the performance results (Pearson correlation between prediction and measured expression value) of all cross-validation runs for each model size (from 1 until 10 regulators). The results are given in Figure   S6 , showing a quite homogenous performance with a tendency that the smaller models yielded the better results. Furthermore, Figure S7 shows a scatterplot of the predicted versus the experimental expression of EST1 for the short tlm (red) and the control dataset (black) with a correlation of PCC r=0.51.
As typically, a standard (L2 based) linear regression coupled with analysis of Variance is employed for such a bottom up or top down approach to get models with different optimized sets of parameters, we calculated the adjusted R 2 for the complete short tlm dataset ( Figure S8 ). We found increasing adjusted R 2 values until 11 regulators, after which a large decline occurred. This is in line with our approach of selecting models below 11 regulators. To relate the model results with the correlation analysis, we compared the beta values (median over all cross-validations) with the correlation between the regulator activities and EST1 expression. We expected that a positive correlation between the regulator activities and EST1 expression is positively correlated with the beta values for this regulator.
Indeed, 10 out of the 12 significant regulators of EST1 in the short tlm dataset showed this behavior (see Table S9 for all values). For the controls, this was much less (3 out of 12) reflecting the property of the selected TFs to better explain the dataset we foccused on (short tlm mutants). We further investigated how often each regulator was chosen over the cross-validation runs in the short tlm and the control datasets ( Figure S3 ) as well as how often the regulator was chosen in models with one to 10 regulators (Table S10 and S11). For EST1, Sum1 and Hst1 were selected most often for the short tlm dataset and comparably unfrequently for the control dataset. This confirms that Sum1 and Hst1
were the most important regulators explaining EST1 expression. These frequencies further showed that Sum1 and Hst1 were used mutually exclusive, in particular for the smaller models (1-5 regulators, see Table S12 ).
Text S2. Correlation analysis
If the activity of a regulator was very similar to the activity of another regulator in each of the investigated samples, the model may have difficulties distinguishing between them and may neglect one of these regulators causing false negatives. To identify such false negatives due to collinearity of the regulators' activity values, we (i) performed a correlation analysis between the activity values of each pair of the different regulators, (ii) calculated the correlations between the regulators' activitiy values and the gene expression of the putatively targeting EST genes, and (iii) simulated in silico knockouts to identify mutually exclusive regulators.
For (i) and (ii), the correlations were calculated for the short tlm mutants and the controls seperately.
Then, the largest differences (between short tlm mutants and controls) were selected to obtain short tlm mutant specific regulators. A complete list of all positively correlating regulators with a difference in activity correlation larger or equal to 0.1 is shown in Table S8 , some results are pointed out in the following. For EST1, the correlation differences of regulator pairs were quite low, we found the highest activity correlation difference between Sum1 and Hst1 activities (correlation difference between short tlm mutants and the controls: PCC r=0.17). This is in agreement with the results from our modeling analysis (Table 1 in the main text) . For EST2 and EST3 the differences were larger. The largest difference for EST2 was r=0.45 for the pair Rtg3 and Rgt1, and for EST3 it was r=0.37 for the pair Dig1 and Gln3. Our modeling approach found Rtg3 but not Rgt1 for EST2 and Dig1 but not Gln3 hinting at Rgt1 and Gln3 being potential further candidates regulating EST2 and EST3, respectively.
We then analyzed the correlation between activity of the regulators and the expression of the putative target genes (ESTs). Again, we calculated the difference in correlation between short tlm mutants and controls. The results are given in Table S5 , S6 and S7 for EST1, EST2 and EST3, respectively. For EST1 we found Hst1 and Sum1 with the highest correlation difference (Hst1-Est1: r=0.51, Sum1-Est1:
r=0.62, Table S5 ) confirming our modelling results that these regulators are involved in EST1
regulation. For EST2, we found Arg81, Nrg1, Tec1, Nrg2, Msn4 and Pdr3 with the highest correlation difference of which all were predicted by our model except of Nrg1. For EST3, Ume6 had the highest absolute correlation difference, in agreement to our modeling results. In summary, the results of the correlation analysis confirmed the modeling results, in particular for EST1 and our most promising regulators of the modelling analysis, Hst1 and Sum1. We note that this analysis may serve the purpose of adding potential other candidates to the regulatos that we selected from our modeling analysis.
(iii) Further, we simulated a knockout of a specific regulator if we found this regulator's activity to correlate highly with another regulator. As a case study, we investigated EST1 as the target gene and the pair of Sum1 and Hst1 as regulators. Indeed, when Sum1 was knocked out, Hst1 took over Sum1's function explaining the gene expression of EST1 and was used distinctively more often by the models when compared to the non knockout models (P=5.49 E-30, Table S13 ). In turn, knocking out Hst1, Sum1 was used instead (P=2.55 E-40, Table S14 ). This is consistent with the literature, it was reported that Sum1 and Hst1 together with Rfm1 form a complex repressing genes through histone deacetylation (1-4). Hence, we suggest that Sum1 and Hst1 act synergistically also for the expression of the telomerase gene EST1. To further confirm this computationally, we followed up on this complex and built models with the combination Sum1-Hst1 (we multiplied the activities and used the square root of the product as activity of the complex) instead of the single regulators Sum1 and Hst1. In this case the combination Sum1-Hst1 was used instead of the single regulators (P=4.51 E-32, Table S15 ).
Text S3. Modeling a complex of Sum1 and Hst1
We further built models with only the regulators Sum1 and Hst1 as well as with a combination of both mimicking cooperative activity [as suggested by (5)]. We used the data of the short tlm mutants and estimated the performance using a ten-times sixfold cross-validation (as described in the main text, see section The machine learning approach). We investigated the new model starting with one parameter for the smallest possible model (only beta 0 and one of the three possibilities of Sum1, Hst and Sum1-Hst1). The results are shown in Table S16 . For the smallest models, Hst1 was most often selected (43 out of 60). Restricted to two β-parameters (either two single regulators, or one single and one Sum1-Hst1 combined) the optimizer chose the combination of Sum1-Hst1 together with Sum1 most often supporting the suggestion of a combined regulation of Sum1 and Hst1. Figure S1 . The regulatory model. The EST genes are regulated by regulators R 1 -R n . Figure S2 . Overlaps between the TLM genelist (orange, data was taken from (6-10)), the yeast deletion strains of regulators of which we used the expression data (blue, data was taken from (11) • Frequency   CSE2  MGA1  MIG3  SAS3  SFP1  SIN4  SPT4  ABF1  ACE2  CIN5  GLN3  HAP2  HIR1  IXR1  MSN2  MSN4  SIN3  SKO1  SOK2  SRB2  SWI5  DIG1  SPT10  STE12  UME6 sTLMs Random c) Figure S4 . EST1-3 expression (log-fold change) over all observed 269 regulator knockouts, ranked according to the expression levels of the corresponding EST gene; a) EST1, b) EST2 and c) EST3
(red: short tlm, blue: long tlm and black: control sample). regulators (shown for EST1 regulators, short tlm mutants and control).
• Table S1 . Corresponding genes of the investigated regulator (R) deletion strains of the dataset of Reimand and coworkers (11) and their telomere phenotype (6-10). Table S2 . Putative regulators of the EST genes (taken from YEASTRACT). * Effect of the knockout of the regulator on the expression of the EST genes (positive z-score = upregulation of the corresponding EST gene; negative z-score = downregulation of the corresponding EST gene); ** Multiple testing corrected (Benjamini-Hochberg); *** red: short tlm mutant, blue: long tlm mutant; **** For some genes, no expression data was available Table S10 . Frequency of the regulators in the models for the short tlm models, from 1 (left) to 10 regulators (right)
Regulator ESTs
Msn4 EST1, EST2, EST3 Sfp1 EST1, EST2, EST3 Ste12 EST1, EST2, EST3 Abf1 EST2, EST3 Ace2 EST2, EST3 Cst6 EST1, EST2 Fhl1 EST1, EST2 Gcn4 EST1, EST2 Gln3 EST2, EST3 Ixr1 EST1, EST3 Msn2 EST2, EST3 Sas3 EST2, EST3 Sin3 EST1, EST3 Sin4 EST1, EST3 Srb2 EST1, EST3 Swi5 EST2, EST3 Tec1 EST1, EST2 Arg81 EST2 Cbf1 EST1 Cdc73 EST2 Cin5 EST3 Cse2 EST3 Cup2 EST1 Dig1 EST3 Hap2 EST3 Hir1 EST3 Hsf1 EST1 Hst1 EST1 Mbp1 EST1 Mga1 EST3 Mig1 EST1 Mig3 EST3 Nrg1 EST2 Nrg2 EST2 Pdr1 EST2 Pdr3 EST2 Rfx1 EST1 Rgt1 EST2 Rme1 EST2 Rsc1 EST2 Rtg3 EST2 Sko1 EST3 Snf1 EST2 Snf2 EST1 Snf6 EST1 Sok2 EST3 Spt10 EST3 Spt20 EST1 Spt4 EST3 Sum1 EST1 Swi3 EST1 Swi4 EST1 Tup1 EST1 Ume6 EST3 Yrm1 EST2
